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Fied Dec. 28, 1962, Ser. No. 247,980 
8 Cairns. (C. 333-98) 

This invention relates to wave-coupling apparatus suit 
able for radiating or receiving wave energy, and particu 
larly to such apparatus which is adapted to provide for 
insertion of wave-coupling means through a small 
aperture. 

In certain applications it is desirable to provide appa 
ratus by means of which wave-coupling means may be 
inserted through a small aperture and into an operative 
position, the wave-coupling means in its operative con 
dition having a lateral extent greater than that provided 
by the aperture, and by means of which the wave-cou 
pling means may be removed through the same small 
aperture non-destructively so as to be available for sub 
sequent reinsertion. As used herein, the term “wave 
coupling means” or “wave-coupler” designates devices 
which are operative for either radiating or receiving wave 
energy. 
For example, it has been found that wave couplers of 

appropriate form may be utilized to transmit and/or re 
ceive electromagnetic waves inside a metal conduit such 
as an ordinary gas main, even while the main is being 
used for normal gas supply purposes. To accomplish 
efficient wave-coupling, the directional axis of the wave 
coupling assembly may have to be oriented along the 
axis of the conduit, may comprise one or a large number 
of elements extending transversely to the conduit axis, 
and may require particular spacings of these elements 
with respect to any apparatus used to mount the elements 
in position in the conduit. For example, one type of 
coupler suitable for such purposes comprises a plurality 
of rod-like dipoles each extending transverse to the axis 
of the conduit and each spaced from the other along said 
ax1S. 

Furthermore, for convenience and flexibility and to 
avoid interference with normal use of the conduit as a 
gas main, for example, it is, desirable in such instances to 
be able to place the wave-coupling assembly in its posi 
tion in the conduit and to remove it from the conduit 
through an ordinary gate valve communicating with the 
interior of the conduit by way of a small aperture in one 
wall of the conduit. This makes it possible to use the 
wave-coupling apparatus at will at any point on the 
conduit at which an ordinary gate valve is mounted, with 
out interfering with normal use of the conduit as a gas 
main. It is also desirable, that insertion and removal of 
the wave-coupling apparatus be accomplished by a sim 
ple, accurate and reliable procedure, that, the apparatus 
used be convenient and practical in form, and that the 
entire arrangement be such that a suitable connection for 
wave energy can be maintained between the wave-cou 
pling means and the exterior of the entire apparatus. 

Accordingly, it is an object of the invention to provide 
new and improved apparatus for readily inserting and 
removing a wave-coupling assembly through an aperture 
small compared with the size of the wave-coupling assem 
bly when in use. 
Another object is to provide such apparatus which is 

adapted for inserting a wave-coupling assembly into, and 
removing it from, a gas main by way of an aperture in 
a Wall thereof without interfering with use of the main 
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purposes. of passage through the small aperture. 
-wave-coupling means preferably comprises elongated ele 

2 
for normal gas supply, purposes, without permitting es 
cape of Substantial amounts of gas through the aperture, 
and without damage to the wave-coupling elements. 
A further object is to provide the latter type of appa 

ratus in which the wave-coupling elements, in use, are 
Spaced from each other along the axis of the gas main 
and extend transversely of said axis. 

It is also an object to provide apparatus of the above 
mentioned type, in which insertion and removal of the 
Wave-coupling assembly is accomplished by simple and 
non-critical mechanical motions. 
Another object is to provide such apparatus which is 

simple, reliable and accurate in action and form. 
In accordance with the invention the above objects 

are achieved by the provision of apparatus comprising 

adapted to be inserted to a predetermined distance 
through a small aperture, and having mounted on its 
insertable portion a support member bearing wave-cou 
pling means. The support member is mounted so that it 
is angularly spring-biased toward a definite stop position 
transverse to the direction of insertion of the insertion 
member, but so that it can be rotated against said spring 
bias to a position in line with the insertion member for 

The 

ments spring-biased toward a definite stop position trans 
verse to the support member, which elements can be 
folded generally along the axis and toward the free end 
of the support member against the spring-bias to permit 
passage through the small aperture. A sheath tube, also 
insertable through the aperture, surrounds the insertion 
member and, when the insertion tube, support member 
and wave-coupling means are withdrawn from the aper 
ture, surrounds all three of these latter elements and holds 
them, in substantial alignment with each other. Insertion 
can then be accomplished by inserting one end of the 
sheath tube into the aperture, in the preferred embodi 
ment by way of an opened gas valve communicating with 
an aperture in the side wall of a gas main, and advancing 
the insertion member until the support, member and the 
wave-coupling means are free of the sheath tube and 
spring into their predetermined positions under the in 
fluence of their respective spring-biases. A stop for the 
insertion member is preferably provided on a housing or 
other structure mounted on the apertured wall so that 
insertion is arrested when the desired degree of insertion 
of the wave-coupling means has been accomplished. 
Withdrawal is accomplished by retracting the insertion 
member while leaving the sheath means protruding 
through the aperture sufficiently, that the support member 
encounters.the edge of the sheath tube and is rotated by 
it, into alignment with the insertion member, before the 
wave-coupling means have been moved sufficiently to 
strike the wall surrounding the aperture. The position 
of the sheath tube required to achieve this action is pref 
erably established and maintained by stop means con 
-nected to the above-mentioned housing or structure on 
the conduit wall. 
As a further, feature of the invention, the sheath tube 

is preferably held in its inserted position by a spring 
member, exerting a force thereon large compared with 
the oppositely-directed force exerted on the sheath tube 
by the Support member.as it pivots against its spring-bias 
during withdrawal; and an engaging. member is provided 
on, the insertion tube which engages a corresponding en 
gaging member on the sheath tube when the insertion 
member has been withdrawn sufficiently to retract the 
Wave-coupling means into the sheath tube, so that upon 
further withdrawal of the insertion tube the sheath tube 
is also thereby withdrawn. 
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Preferably a keying arrangement is utilized on the inser 
tion member to ensure that when the wave-coupling means 
is in position in the conduit the insertion member will 
be turned at the angle required to direct the wave 
coupling means in the proper direction. 
A simple forward-and-back motion of the insertion 

member is therefore all that is required for insertion and 
retraction, and may for example be readily provided by 
means of a nut fixed to the end of the insertion member 
remote from the conduit and a long bolt having threads 
engaging said nut and mounted from a structure fixed 
with respect to the conduit; rotation of the bolt in one 
direction to a definite stop position will then produce in 
Sertion of the wave-coupling means into operative posi 
tion in the conduit and rotation in the opposite direction 
will produce withdrawal of the entire assembly past the 
gate valve. The valve may then be turned off and the en 
tire insertion structure removed for test, storage, or use 
elsewhere. A suitable wave-energy transmission line 
maintains connection between the wave-coupling means 
and the exterior at all times. 
These and other objects and features of the invention 

will be more fully comprehended from a consideration 
of the following detailed description taken together with 
the accompanying drawings, in which: 
FIGURE 1 is an elevation view, partly broken away, 

showing the general arrangement of apparatus in accord 
ance with the invention; 
FIGURE 2 is an end view, partly in section, of the 

apparatus of FIGURE 1, taken on line 2-2 of FIG 
URE 1; 
FIGURES 3a and 3b are vertical sectional views show. 

ing in more detail especially significant portions of the 
apparatus shown in FIGURE 1, FIGURE 3a showing 
the upper part and FIGURE 3b showing the lower part 
thereof; 
FIGURE 4 is an elevational view of the lower part of 

the apparatus of FIGURE 3b, viewed along the direction 
4-4; 
FIGURE 5 is a more detailed sectional view of the 

lower portion of the apparatus shown in FIGURE 3b; 
FIGURE 6 is a top sectional view of a lower portion 

of the apparatus shown in FIGURE 5, taken along the 
line 6-6; 
FIGURE 7 is an enlarged detail view of a portion of 

the lower part of the apparatus shown in FIGURE 5; 
FIGURE 8 is a cross-sectional view of the apparatus 

shown in FIGURE 7, taken along the line 8-8; 
FIGURE 9 is an enlarged sectional view of a part of 

the apparatus of FIGURE 3a, taken along the line 9-9; 
FIGURE 10 is an enlarged sectional view of a portion 

of the apparatus of FIGURE 3a, taken along the line 
10-10; and 
FIGURES 11, 12, 13, 14, 15 and 15a are sectional 

views of portions of the apparatus shown in the lower 
numbered figures to which particular reference is made 
in describing the operation of the apparatus of the inven 
tion. 

Referring now specifically to the representative embodi 
ment of the invention shown in the drawings, in which 
like numerals denote like parts, FIGURES 1 and 2 show, 
generally, one form of apparatus in place on a cylindrical 
gas main iO and adjusted so that dipole wave-couplers 
of the wave-coupler assembly 12 used for radiation or 
absorption of electromagnetic waves extend symmetrically 
about, and in planes normal to, the axis of the cylindrical 
pipe 10. This provides alignment of the directional axis 
of the wave-coupler 12 generally along the axis of the 
gas main 10 so as to permit effective transmission along, 
or efficient absorption from, the interior of the main of 
electromagnetic radiations. 

Gas main 0 may be a conventional cylindrically 
walled metal pipe of the type commonly used for gas 
conduit, through which natural gas may flow at varying, 
and often relatively high, rates of as much as 100 miles 
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per hour, and under pressures which may be of the order 
of hundreds of pounds per square inch. While the diam 
eter of the main may differ in various applications, it is 
generally related to the frequency of the electromagnetic 
radiations used. Thus the gas main should be of a size 
adapted for adequate use as a wave guide for the electro 
magnetic radiations involved, having a diameter suffi 
ciently great to avoid undue attenuation of the desired 
propagation mode and generally not so great as to intro 
duce propagation in other undesired modes. In one ex 
ample the gas main was 30 inches in diameter and the 
electromagnetic wave frequency utilized was about 470 
megacycles per second. 
A conventional rotary gas valve 4 of the gate type is 

connected through a small-diameter aperture to the inte 
rior of gas main 0, and in the present example the com 
municating aperture between the valve and the interior of 
the gas main is typically of the order of 2 inches in diam 
eter. It is by way of this valve and its associated small 
communicating aperture that the coupling device 2 is to 
be inserted into and removed from the gas main 10 at 
will, despite the fact that the lateral extent of the radiat 
ing elements of the wave-coupler 12 in its operating posi 
tion is normally much greater than the diameter of the 
communicating aperture; for example, the span of a 
dipole for this purpose may be about 12 inches. 
The outlet side of valve 14 communicates with a pres 

surized housing 16 which extends normally to the surface 
of main 10 and generally in an upward direction, and 
which contains the apparatus for inserting and removing 
the wave-coupler assembly 12. By means of the latter 
apparatus, the wave-coupler assembly 12 can be with 
drawn through the small aperture in the gas main 10 and 
through valve 14, valve 14 being subsequently closed, and 
housing 16 and the apparatus contained therein com 
pletely removed; at a later time valve 4 may be opened 
and the wave-coupler assembly 12 reinserted through the 
small aperture in main 10 into the position shown. 
To support the housing 16 and its contents and associ 

ated apparatus, any convenient mounting structure may 
be utilized, such as the illustrated arrangement of four 
90°-spaced braces 18, 20, 22 and 24. The lower ends 
of braces 22 and 24 may be fastened to ears 26 and 28 
respectively on a metal band 30 tightly fitted around and 
affixed to main 10, while braces 18 and 20 may be fas 
tened at their lower ends to ears 32 and 34 provided on 
bands 36 and 38 respectively, the latter bands being dis 
posed about and affixed to main 10. The upper ends of 
braces 22 and 24 may be bolted to the middle flanged 
pipe-coupling 40 on housing 16, while the upper ends of 
braces 18 and 20 may be similarly bolted to the upper 
flanged pipe-coupling 42 nearer the upper end of housing 
16. A suitable pressurized cap 44 for housing 16 may be 
provided at its upper end, and a pressurized T-coupling 
provided on the side of housing 16 to accommodate entry 
into the housing of a transmission line for connection to 
the wave-coupler assembly 12. 

Further details of the above-described clements of 
FIGURES 1 and 2 are shown in FIGURES 3a and 3b. 
FIGURE 3a shows the upper part of housing 16 and its 
associated elements, extending from the top, with the 
cap 44 removed, through upper pipe-coupling 42, the 
pressurized T-coupling 50, and the intermediate pipe cou 
pling 40, while FIGURE 3b shows the remaining, lower 
portion of the apparatus. 
As shown in FIGURE 3b, the gas valve 14 is mount 

ed by an integral supporting portion 60 to the outside 
of gas main 19, as by welding for example. A circular 
aperture 62 is provided in main 10 beneath support 60 
So that, when valve 14 is open as shown, a tube 64 
of a suitable metal, which serves as a sheath for the 
wave-coupler assembly when retracted, can be positioned 
as shown to extend from within main 10 through aper 
ture 62, valve 14, the flanged valve-coupling 66 and 
into the flanged pipe-coupling 54. Valve 14, its support 
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portion. 60, the valve-coupling 66, the flanged pipe-cou 
pling 54 and the section of piping 68 extending between 
valve coupling 66 and flanged coupling 54 are all rigid 
ly fixed in relative position with respect to main 10, 
while-sheath tube 64 is slidably mounted within the cylin 
drical bore provided by the above-mentioned fixed ele 
ments. In the position shown for sheath tube 64, it is 
prevented from moving upwardly by abutment against 
a recessed shoulder in a washer-shaped metal stop mem 
ber 70 having an outer shoulder 71 urged into a definite 

- reference position against the lower flange of pipe-cou 
pling 54 by a relatively strong compression spring 72 situ 
ated in the portion of housing 16 between pipe-coupling 
54 and pipe-coupling, 40. The upper end of spring 72 
is retained by a suitable stop ring 73 held against upward 
motion by a plurality of pins such as 74 and 75 extend 
ing into the interior of housing 16. Sheath tube 64 is 
attached, as by soldering, to stop member 70 so as to be 
prevented from moving further downwardly. 

Within the sheath tube 64 is located an inner insertion 
tube 76 extending, in the condition shown, from below 
the lower end of sheath tube 64 to the intermediate pipe 
coupling 40, and having a shoulder 77 which, in the 
position of the apparatus shown in FIGURE 3b, bears 
against the upper surface of stop member 7 so as to 
determine the maximum insertion of the inner tube 76 
into main 10. 
The lowermost end of inner tube 76 is connected to 

the wave-coupler support arm 78, which is generally in 
the form of a multiply-slotted pipe and which carries the 
actual radiating or absorbing wave-couplers, in this case 
rod-like dipole elements. The positions, relative spacings, 
orientations, sizes and natures of these dipole elements 
are determined by the particular electrical requirements 
of a given application, but in general different dipole ele 
ments may extend in different planes and the total span 
of each dipole element will be considerably greater than 
the diameter of the aperture. 62 in gas main 0. in the 
present example four dipoles comprising eight dipole 
elements are used, dipole elements 80a and 80b com 
prising one dipole disposed parallel to tube 76 and near 
est thereto. A second dipole comprising dipole elements 
82a and 82b is disposed parallel to dipole elements 80a 
and 89b, but farther from tube 76, as may be seen from 
FIGURES 3b, 4 and 5 particularly. Disposed toward 
the free end of support arm 78 from dipole elements 
82a and 82b is another pair of dipole elements 84a and 
84b disposed at right angles to the previously enumerated 
dipole elements, and it will be understood that in the 
present example another pair of dipole elements are dis 
posed parallel to 84a and 84b along the axis 86 shown 
in FEGURE 3B. 
As is shown in more detail in FIGURES5 and 6, the 

wave-coupler support arm 78 is pivotably mounted from 
the end of insertion tube 76 by a suitable pivot pin.9 
extending across tube 76, the pivot end of support arm 
78 being modified to provide two parallel ears 9 and 92 
through which pivot pin 90 passes. A restraining spring 
94 is secured at one end to a pin 96 affixed to and with 
in tube 76, and is attached at its other end to a pin 98 
extending between the ears 91 and 92 of member 78, 
and provides a spring-bias tending to prevent arm 78 
from extending downwardly in line- with tube 76, and to 
fold arm 78 upward and into tube 76. However, when 
support arm 78 has been folded back to the right-angle 
position shown in FGURES 1, 3b and 5 it is arrested 
by abutment against a positive stop member. This stop 
may be a specially-provided stop member or, as in the 
present case, the shape of the lower edge of tube 76 may 
be modified so that the stopping action is provided by 
the abutment of ears 9 and 92 of arm 78 against the 
tube 76 itself. The angle of arrest can be set other than 
at 90 by appropriate positioning of the stop. The me 
chanical arrangement of the above-described pivot mech 
anism is therefore such that support arm 78 can be ro 
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tated downwardly into line with tube 76 by sufficient 
force applied thereto against the tension of spring 94, 
but will not so rotate under its own weight or in response 
to normally-encountered flow of the gas within main.10. 
However, spring 94 is relatively weak, compared with 
spring 72 described above. 
Support arm 78 and the dipole members associated 

therewith are so constructed and arranged that, when 
'free of applied external forces, each dipole element is 
spring-biased into the position normal to arm 78 shown 
in FIGURES. 3b, 4 and 5, but is susceptible of being 
folded down -substantially along the axis of support arm 
78 in response to sufficiently large forces, applied to the 
dipole elements or their immediate supports along the 
axis of the support: arm i8 and from the direction of the 
pivot pin 98. In the specific embodiment of the inven 
tion shown, the arrangement of the support arm and 
dipole elements for providing this capability is as fol 
lows. 

Referring particularly to the detailed views of FIG 
URES 7 and 8, dipole support.arm 78 is generally tubu 
lar in form but is provided with four longitudinal slots, 
200, 82, 194 and 106 of FIGURE 8, each extending 
'from the free end of support mimeber 78 to a region be 
yond the dipole nearest tube. 76. Each dipole element is 
mounted in susbtantially the same general manner, and 
hence only one such mounting will be described here in 
detail. As shown in detail in FIGURES 7 and 8, each 
metallic dipole element such as 80a and 88b is provided 
at is inner end with a support mount such as 10 and 

respectively, through which it passes, the inner end 
of the dipole element 86a for example being electrically 
connected by a suitable flexible connection 112 to the 
conductor by which electrical power is to be supplied 
to, or conducted from, the dipole element. The support 
element. S1 is supported pivotally by means of a pair of 
opposed pivot pins i4 and 116. Each of these pivot pins 
has one of its ends extending into support member 10 
and its other end affixed in support member 78 on op 
posite sides of the slot 04. Electrical insulation of di 

Elio of an insulating substance, or by surrounding ele 
ment 89a within mount E10 with an insulating layer. 
The arrangement of pivot pins 114 and 116 and of 

Support mount 110 is such that dipole 80a and support 
member 110 may be rotated together about pivot mem 
bers 114. and 16 from the erect position shown in solid 
line in FIGURE 7 to the folded position shown in broken 
line in the latter figure. However, support member 110 is 
-normally held in the erect position against a suitable stop 
118 by means of a spring 120 having one end fastened to 

, a pin. 122 on support. arm 78, and having its other end 
fastened to a pair of pins located on opposite sides of 
Support member 110 and above pivot, pins. 114 and 116, 
as at 124. The strength of spring 120 is such as to main 
tain the dipole element 80a in the erect position, during 
operation despite high rates of flow of the gas in the gas 
main. 10, but is small compared with the spring 72. As 
mentioned previously, each of the dipole elements, is: pro 
vided with Substantially identical apparatus normally main 
taining it erect, but permitting it to be folded downwardly 
along the axis of support. arm. 78 when sufficient force 
is applied to it or its mount from the direction of pivot 90. 

Apparatus is also provided, some of which has been 
described hereinbefore, for assuring that the dipole assem 
bly is, disposed in the desired predetermined lateral posi 
tion in gas main 10 and oriented in the predetermined de 
sired direction therein. Normally this position and orien 
itation will be such that the center line of support arm 78 
lies. Substantially along the axis of the gas main 10. As 
described above, the lateral position of support member 
78 is predetermined by the position of the arresting 
shoulder 77 on the insertion, tube 76. The fixed vertical 
position of sheath tube 64 and the aligning action of sleeve 
member 132. on insertion tube 76, which sleeve fits in 
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sliding engagement within sheath tube 64 when retracted, 
assure that the insertion tube 76 enter the gas main in a 
perpendicular direction. The arrangement of springs and 
stop members described previously assures that the dipole 
support arm 78 is oriented at right angles to tube 76. 
To assure that the axis of support arm 78 is angularly 

positioned along the axis of the gas main 10, a key mem 
ber 138, as shown especially in FIGURES 3 and 10, ex 
tends from the flanged coupling 40 downward part way 
toward the flanged coupling 54 and is held within a key 
way 140, shown in FIGURE 10, provided on the corre 
sponding portion of the housing 16. The angular position 
of the key and keyway about the axis of the insertion tube 
76 is such as to maintain tube 76 and the dipole array 
connected thereto in the desired angular orientation within 
the gas main. 

Electrical connection to the dipole array is provided by 
way of a transmission line 144, which for most of its 
length may be a co-axial cable and which enters the upper 
portion of housing 16 by way of the pressurized T-coupling 
50 shown generally in FIGURE 3a and proceeds down 
wardly through housing 16 outside of the insertion tube 
76 until it reaches a point just above flange member 54, 
where it may be passed through an opening in tube 76 
to the interior thereof. From this point the transmission 
line runs through the interior of tube member 76 and 
spring member 94, through the center of the pivot arrange 
ment between tube 76 and dipole support arm 78, and 
then through the center of support arm 78 to the inner 
ends of each of the connected dipole elements. It will be 
understood that in some cases the transmission line is con 
nected only to selected ones of the dipole elements, others 
of the elements serving as passive directors or reflectors. 
FIGURE 9 illustrates one manner in which the co-axial 

transmission line 144 may be connected to an external 
co-axial connector 148 on the outer flange 149 of cou 
pling 50 by providing appropriate electrical connections 
through flange 149. When, as is described later, the dipole 
array assembly is withdrawn from the gas main 10, the 
transmission line 144 is backed up and assumes the posi 
tion shown in broken line in FIGURE 3a at 152 and in 
solid line at 144 in FIGURE 15a. 

For additional flexibility in use and in testing, an elec 
trical coupling 160, as shown in FIGURE 3b, may be pro 
vided in series with the transmission line, and other elec 
trical elements, such as matching elements, required for 
best electrical operation may be provided as at 62 in 
FIGURES3b and 5. It is understood that where the trans 
mission line may be subjected to abrasion or pinching a 
thick protective outer sheath may be utilized, and that 
where it is convenient, as in making connections in the 
dipole array, parallel wire transmission line may be uti 
lized rather than co-axial cable. 
To retract the dipole array from the gas main 10, as 

well as to insert it, a nut 170, shown in FIGURES 3a and 
10, is fastened to the upper end of insertion tube 76 and 
prevented from turning by the above-described key and 
keyway 138 and 140. A long threaded bolt 74 then 
threads the interior of nut 170 and extends upwardly 
through housing 16 and through the upper pressurized 
flanged coupling 42, where it terminates in a protruding 
stem 176 having a square cross-section to facilitate turn 
ing with a suitable wrench. A flange 178 attached to 
bolt 174 rests against a bearing surface 179 in coupling 
42 so that bolt 174 may be turned in either direction but 
is held from moving downwardly by the latter bearing 
arrangement. Turning of stem 176, as by means of a 
Wrench, then causes nut 170 and the attached insertion 
tube 76 to move upwardly, or downwardly, within the 
casing 16, depending upon the direction of rotation of the 
Stein, 
FIGURES 5 and 11 through 15a illustrate the oper 

ation of the above-described apparatus when the dipole 
array is to be removed from the gas main 10. To accom 
plish retraction and removal, the stem 176 on thread 
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member 174 of FIGURE 3a is rotated in a direction such 
that nut 70 climbs upwardly on threaded member 174, 
pulling upwardly the insertion tube 76 attached thereto. 
Referring to FIGURE 5, the first effect of this is to trans 
late the support arm 78 upwardly from the position shown 
in solid line to that shown in broken line, in which latter 
position the sheath member 64 first contacts the adjacent 
portion of support arm 78. Sheath member 64 protrudes 
sufficiently into the gas main 10 that, even upon such 
contact the dipole elements, such as 80a, do not reach 
or press against the interior of the gas main, and damage 
to the dipoles from such pressing is therefore avoided. 
Also in the latter position, a metal sleeve 180 surround 
ing the lower portion of insertion tube 76, shown in FIG 
URES 3b and 5, has also slid within sheath member 64 
so as to provide additional stability and centering for the 
Structure. 

With continued turning of stem 76 the resultant up 
ward motion of insertion tube 76 causes the upper surface 
of dipole support arm 73 to contact the lower edge of 
sheath tube 64, and with further upward motion of tube 
76 support arm 78 is forced to rotate downwardly against 
the restraining action of spring 94 so that it enters sheath 
member 64 and is substantially aligned therewith. FIG 
URE 11 shows this condition after support arm 78 has 
rotated part way from its perpendicular position to its 
aligned position, and FIGURE 12 shows arm 78 com 
pletely aligned with tube 76. This pivoting action exerts 
a compressive force on spring 72, but, because of the rela 
tively great strength of the latter spring, sheath tube 64 
does not move upwardly during pivoting of arm 76. 
FIGURE 12 illustrates conditions when insertion tube 

76 has moved still further upward within sheath member 
64 so that the end of sheath tube 64 contacts the dipole 
mounts 110 and 11 which carry dipole elements 80a and 
80b and exerts a downward force on the dipole mounts, 
forcing them to fold along the axis of dipole support arm 
78 upon further withdrawal, against the above-described 
erecting action of the springs attached to mounts 110 and 
11. FIGURE 13 illustrates the same portion of the 
apparatus after further retraction of the dipole assembly, 
wherein the free end of the dipole support arm 78 has 
been withdrawn entirely within the sheath member 64, 
and all of the dipole elements have been folded at least 
partially. 

In FIGURE 14 the condition is illustrated in which tube 
76 has been drawn further upwardly to such an extent 
that all of the dipole elements are entirely within the 
sheath member 64, and in which the sleeve member 132 
fastened to the exterior of insertion tube 76 contacts the 
inner shoulder 182 of stop member 70. Upon further 
rotation of stem member 176 to raise tube 76 still further, 
sleeve member 132 pushes upwardly against stop mem 
ber 70 to raise it against the pressure of spring 72, and 
stop member 70, which is fastened to sheath tube 64 there 
by pulls the sheath tube upwardly along with it. With 
continued withdrawal of the insertion tube 76, the condi 
tion shown in FIGURE 15 is reached in which spring 72 
is substantially completely compressed and sheath tube 64 
containing the dipole members is withdrawn completely 
beyond valve 14, which then may be closed as shown in 
FIGURE 15 to seal off the gas main from the exterior. It 
will be understood that in FIGURE 15 the apparent ver 
tical extent of the apparatus has been considerably short 
ened by the use of the several breaks in the drawing. 
As illustrated in FIGURE 15a, which shows the upper 

portion of the entire assembly in the same stage of retrac 
tion shown in FIGURE 15, the length of threaded mem 
ber 174 is such that the completely retracted condition 
shown on FIGURE 15 occurs before the nut 170 reaches 
the top of member 174. In this latter condition the trans 
mission line 144 has also been raised to a position near 
the top of the entire assembly, as shown. 

After the condition shown in FIGURE 15 has been 
reached, with gas valve 4 turned off, the valve coupling 
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66 can be separated and the entire assembly, other than 
the valve and the lower part of its coupling, entirely re 
meved from connection to the gas main. The dipole 
array may later be inserted through the same or a similar 
gas valve by reinserting the sheath tube-64 into the valve 
coupling, fastening the valve coupling, and turning the 
stem-176 in a direction opposite to that used for retrac 
tion. The procedure described above will then take place 
in reverse order. Thus the sheath tube 76 will move 
downwardly until stop member 70 seats against the lower 
flange of coupling device 54, at which time its lower end 
extends into the gas main, and with further turning of 
stem 176 the insertion tube 76 will advance into the gas 
main 10 from sheath tube 64, the dipoles springing into 
erect position as they emerge, and -the-dipole support arm 
78 pivoting into its perpendicular position as its pivot 
emerges from the sheath-tube. When the shoulder 77 of 
insertion tube 76 seats-against the top of stop member 70, 
as shown in FIGURE 3b, the advance of tube 76 is ar 
rested and the Support arm 78 lies along the axis, of the 
gas main as desired during electrical operation of the 
Wave-couplers. 

For the foregoing it will be appreciated that a dipole 
array having an extension, in each of three dimensions, 
much greater than the diameter, of an aperture, in a gas 
main may be introduced into and withdrawn from the 
gas main through the small aperture, without requiring 
any modification of the gas main except for the applica 
tion of a conventional gas-valve thereto. Furthermore, 
this is accomplished without producing damaging con 
tact between any portion of the array and the walls of the 
gas main. The latter feature is provided by the use of 
the sheath tube 64 which is advanced into the gas main 
sufficiently to produce a pivot point for arm 78 far enough 
within the main to prevent contact between the dipoles 
and the walls of the main. The sheath tube also there 
after provides a convenient retaining arrangement for the 

: dipole array, both for handling external to the gas main 
and for facilitating reinsertion into the gas main. At the 
same time, the structure is of sufficient strength and rigidi 
ty to remain stable when in position in the gas main, de 
spite relatively high gas flow rates and substantial turbu 
lence therein. This operation is obtained in accordance 
with the invention but merely fastening a few mounting 
bolts and rotating a stem in one direction to insert the 
array and in the other direction remove it. 

iIt will be understood that while specific structural ar 
rangement illustrated is particularly advantageous in pro 
viding the various features of the invention, other equiv 
alent arrangements for performing the various mechanical 
and electrical functions such as raising and lowering the 
insertion, tube and sheathtube, pivoting the dipole support 

: arm, and pivoting the dipole elements will readily occur 
to one skilled in the art in view of the foregoing dis 
closure. 

Accordingly, while the invention has been described 
with particular reference to a specific embodiment thereof 

: in the interest of complete definiteness, it may also be em 
bodied in any of a large variety of diverse forms without 
departing from the spirit, and scope of the invention. 
We claim: 
1. Wave-coupler apparatus-comprising: 
an insertion structure having a portion adapted for 

insertion through an aperture in a wall; 
a support member mounted on said portion of said 

insertion structure and variably orientable with 
respect thereto; 

wave-coupling means mounted on said Support men 
ber and variably orientable with respect thereto; 

first means for angularly biasing said variably-oriented 
support member in an outward direction with respect 
to said insertion structure; 

second means for angularly biasing said wave-coupling 
means in an outward direction with respect to said 
support member; and 
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10 
sheath means disposed; about said insertion structure 

i and having an end-adapted to be inserted-in said 
aperture, said sheath means and said, insertion struc 
ture being movable relative to each other between 
a first position in which said sheath means is dis 
posed about and in contact with said support mem 
iber...and said wave-coupling means to restrict-out 
wardiangular motion of said support member and of 
said wave-coupling means, and a -second position in 
(which said portion of said insertion-structure. extends 
ibeyond the end of, said sheath: means thereby to per 
mit said support member and said wave-coupling 
means each to move angularly outward in response 
to said first and second biasing means. 

2. Apparatus in accordance with claim.1, comprising: 
means for mounting said insertion structure and Said 

... sheath means movably with respect to each other 
and with respect to said: mounting means; means for 
retaining, said sheath means in a retracted position 
with respect to said mounting means and for retain 
ing said insertion structure in a retracted position 
in which said support member and - said Wave 
coupling means are substantially entirely within said 
retracted sheath means; means for advancing said 
sheath means with respect to said mounting means 
from said retracted position thereof, to a predeter 
..mined advanced position thereof; means for advanc 
ing said insertion structures with respect to said 
mounting means in the direction of advance of Said 
sheath means to a predetermined advanced position 
for which said portion of said insertion structure 
extends out of said sheath means to permit said Sup 
port member and said wave-coupling means, each to 
move langularly outward; means for retracting said 
insertion structure from said predetermined ad 
vanced position thereor, while said sheath means 
remains in said predetermined advanced position 
ithereof, until said support member and said Wave 
coupling means are withdrawn into said sheath 
means; means for further retracting said insertion 
structure to said retracted position thereof; and 
means responsive to said further retraction of Said 
insertion structure for retracting said sheath means 
to said retracted position thereof. 

3. Apparatus in accordance with claim 2, comprising 
first stop means for arresting said advancing of said 
sheaths means to determine, said predetermined advanced 
a position thereof, second stop means for arresting. Said 
. advancing of said insertion structure to determine Said 
'predetermined advanced position thereof, Spring means 
for producing said advancing of said sheath means, and 
lost-motion means operating between said insertion struc 
ture and said sheath means for mechanically coupling 
said insertionistructure to said sheath means only after 
said insertionistructure has been retracted sufficiently to 
initiate withdrawal of said support, means into said sheath 
tube. 
24. Apparatus for inserting and removing , a Wave 

coupling assembly by way of an aperture in a Wall, com 
sprising: 

Is an insertion member having an elongated portion 
adapted for insertion: through an aperture in a wall; 

an elongated support member pivotably mounted to 
said portion of said insertion member and capable 
of being pivoted from a first position substantially 
in line with said portion of said insertion member 
to a second position substantially perpendicular 
thereto; 

first spring means for spring-biasing said Support mem 
ber angularly toward said second position from said 
first position; 

first stop means for arresting angular motion of Said 
support member at said second position; 

wave-coupling means comprising at least one Wave 
coupler element pivotably mounted on said support 



3,138,770 
11 

member and adapted to be rotated between a first 
position substantially parallel to said support mem 
ber and a second position substantially perpendicu 
lar to said support member; 

Second spring means for spring-biasing said at least 
one wave-coupler element angularly toward said sec 
ond position thereof from said first position thereof; 

Second stop means for arresting angular motion of said 
at least one wave-coupler element in said second 
position thereof; 

a sheath tube surrounding said insertion member and 
having an end adapted to be inserted through said 
aperture; 

a housing structure for mounting said sheath tube and 
said insertion member movably with respect to each 
other and to said housing structure; 

means for positioning said insertion member and said 
sheath tube in a retracted position so that said sup 
port member and said wave-coupler element are 
within said sheath tube and substantially in line with 
said insertion member; 

means for advancing said sheath tube and said inser 
tion member with respect to said housing structure 
to a first predetermined advanced position; 

means for further advancing said insertion tube to a 
second, predetermined advanced position for which 
said portion thereof extends beyond said one end 
of said sheath tube whereby said support member 
and said wave-coupler element are free to assume 
said respective second positions thereof; 

means for retracting said insertion member to said re 
tracted position thereof from said second predeter 
mined advanced position thereof; 

means for maintaining said sheath tube in said first pre 
determined advanced position thereof while said 
insertion member is being retracted until said Sup 
port member contacts said sheath tube; and 

means providing a driving relationship between said 
insertion member and said sheath tube when said 
insertion tube is retracted beyond the point at which 
said support member contacts said sheath tube, to 
move said sheath tube with said insertion member 
upon further retraction of said insertion member. 

5. Apparatus in accordance with claim 4, comprising 
third spring means stiff compared with said first spring 
means for urging said sheath tube from said retracted 
position thereof toward said first predetermined advanced 
position thereof, third stop means for engaging said sheath 
tube to establish said first predetermined advanced posi 
tion thereof, and fourth stop means for engaging said 
insertion tube to establish said second, predetermined ad 
vanced position thereof. 

6. Apparatus for providing radiation or reception of 
electromagnetic wave energy, comprising: 

a gas main having an aperture in a wall thereof; 
a gate valve on said main and communicating with 

said aperture for controlling flow of gas from said 
aperture, said valve when open providing a straight 
passage extending from said aperture to the outlet 
side of said valve and normal to said main; 

a pressurized housing connected to and communicat 
ing with said outlet side of said valve and fixed in 
position with respect to said valve; 
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12 
a rigid sheath tube disposed longitudinally in said pas 

sage and in such position as to penetrate into and 
toward the center of said main for a predetermined 
distance, said sheath tube being movable along its 
axis relative to said main; 

first spring means for urging one end of said sheath 
tube into said main; 

first stop means for limiting said penetration of said 
sheath tube into said main at said predetermined 
distance; 

an insertion tube disposed longitudinally within said 
sheath tube in a predetermined position such that 
one end thereof is located in said main beyond said 
one end of said sheath tube and substantially at the 
center of the cross-section of said main, said inser 
tion tube being longitudinally movable with respect 
to said main; 

second stop means for limiting advance of said inser 
tion tube into said main at said predetermined posi 
tion thereof; 

a wave-coupler support arm pivotably mounted at one 
end to said one end of said insertion tube; 

third stop means for preventing pivoting of said arm 
past a position substantially normal to said insertion 
tube; 

second spring means for spring-biasing said arm angu 
larly away from a position in line with and beyond 
said insertion tube, and against said third stop means; 

elongated wave-coupler elements pivotably mounted 
along and transverse of said support arm, at least 
one of said elements extending toward, but short of, 
said wall of said main containing said aperture; 

fourth stop means for arresting pivoting of said ele 
ments at a position substantially normal to said arm; 

third spring means for biasing said elements angularly 
against said fourth stop means and toward said piv 
oted end of said arm; 

electrical connection means extending into said hous 
ing and electrically connected to at least one of said 
elements; 

drive means within said housing and operable from 
without said housing for advancing said insertion 
tube into said predetermined position thereof and 
for withdrawing said insertion tube, and said sup 
port arm and said wave-coupler elements connected 
thereto, past said valve; 

means cooperating between said insertion tube and 
said sheath tube for retaining said sheath tube in said 
main until said support arm contacts it during initial 
withdrawal of said insertion tube and for removing 
said sheath tube from said main and past said tube 
upon continued withdrawal of said insertion tube. 

7. Apparatus in accordance with claim 6, in which 
said first spring means is stiff compared with said sec 
ond spring means. 

8. Apparatus in accordance with claim 7, in which said 
drive means comprises a first threaded member fixed to 
said insertion member, a second threaded member thread 
ingly engaging said first threaded member, and means for 
mounting said second threaded member rotatably, but in 
fixed translational position, with respect to said housing. 

No references cited. 


